Hereditary is one of the key risk factors of the Parkinson's disease (PD) and children of individuals with the Parkinson's carry a two-fold risk for the disease. In this article, chance of developing the Parkinson's disease is estimated for an individual in five types of families. That is, families with negative history of the PD (I), families with positive history where neither one of the parents (II), one of the parents (III-IV), or both parents (V) are diagnosed with the disease. After a sophisticated modeling, Maximum Likelihood and Bayesian Approach are used to estimate the chance of developing the Parkinson's in the five mentioned family types. It is extremely important knowing such probabilities as the individual can take precautionary measures to defy the odds. While many physicians have provided medical opinions on chance of developing the PD, our study is one of the first to provide statistical modeling and analysis with real data to support the conclusions.
Introduction
Parkinson's disease (PD) is a chronic and progressive movement disorder, meaning that symptoms continue and worsen over time. Nearly one million Americans are living with Parkinson's disease and approximately 60,000 are diagnosed with PD each year. This number does not reflect thousands of cases that remain undetected. The cause for the PD is unknown, and although there is presently no cure, there are available treatments such as medication and surgery to manage its symptoms [1] . Advances in Parkinson's Disease
The diagnosis of PD depends upon the presence of one or more of the four most common motor symptoms of the disease. That is, tremor, bradykinesia, rigidity, and postural instability. In addition, there are other secondary and non-motor symptoms that affect many people and are increasingly recognized by doctors as important to diagnosing Parkinson's. These symptoms contribute to severe disability and impaired quality of life in advanced Parkinson's cases. Symptoms include anxiety, depression, cognitive mood swings, dementia, constipation, pain, genitourinary problems, sudden drop in blood pressure upon standing, excessive sweating, sleep disturbances, sense of smell, vision, memory, weight loss, psychosis, hallucinations and loss of energy, among others [2] .
There are several research centers and foundations that study Parkinson Parkinson's disease. The total sample size in our study was 1258; 751 males and 507 females. However, more information was available through individual's relatives. Figure 1 shows the outline of the available data to carry out this study. The available information included whether either one of the paternal/maternal grandparents had PD (0 for neither, 1 for either one, 2 for both), whether the biological father/mother had PD (0 for no, 1 for yes), number of paternal/maternal aunts/uncles with PD and in total, number of full/half siblings with PD and in total, and number of children so far diagnosed with PD. Note that the person himself/herself could be healthy or diagnosed with PD. The numbers in parenthesis shows the number of cases in each category. There was not enough information available on gender to perform gender related tests and comparisons.
Methods

Maximum Likelihood
The approach shown in Figure 2 is followed which emphasizes discovering the hereditary importance of the PD. The data is first divided into two exclusive groups based on the heredity status; negative heredity (H = 0) and positive heredity (H = 1). Heredity is considered positive if at least one individual out of grandparents, parents, aunts/uncles, or full siblings carried the PD. Then, cases in positive heredity group categorized based on the disease status of parents. For 
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where H i = j with j = 0, 1 shows the negative/positive heredity group, F i = k, M i = l with k, l = 0, 1 shows the Healthy/PD status of the parents, θ . This combined probability shows a state where either one of the parents carried the PD.
The combined information suggests that the chance of developing the PD in families with positive PD history when neither one of the parents had the PD is five times more than that of with no history of the disease. It is about four times Table 1 . Maximum likelihood estimations for jkl θ and the number of cases (a) using the parents-individuals link (b) using combined information with grandparents' family. 
Bayesian Approach
The chance of passing the PD to next generations depends on many factors and could vary from one family to another. This random nature justifies using Bayesian approach for estimations. Moreover, one can use sets of hierarchical information as prior-likelihood and update prior information anytime new observations are added to the dataset.
To conduct a Bayesian approach, data in Table 1 Father s status # of paternal aunts uncles with PD 1 total # of paternal aunts un e ' cl s
Following the same procedure in the maternal family yields estimate of the chance of developing the PD using maternal family
Mother s status # of paternal aunts uncles with PD 1 total # of maternal aunts un e ' cl s
These two separate estimations when computed for each case provide a frequency distribution that can be used as a priori information in estimating 100 θ .
Likewise, one can gather prior information for 110 θ by frequency of disease in the paternal and maternal families with positive history where the grandfather did, and grandmother did not have the PD. However, the only information available in the grandparents' families is the sum of the PD status of grandmother/grandfather. In that case, the number of the PD diagnosed cases is To use these information as discrete priors, the set of {0.000, 0.001, 0.002, ..., 0.999, 1} with 101 values has been used as the distribution's support and a weight equal to frequencies in Table 2 has been assigned to the respective values. 
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Uniform Prior
In this section, the available data from grandparents' family is considered as Binomial counts and is mixed with the data from the individual's family in the form of likelihood to derive Bayesian estimations by using non-informative uniform priors. In this case, the posterior distribution could be written as (
, , , PD is about five times higher than an offspring in a family with negative heredity. Interestingly, children were less likely to have the PD when both parents had the PD than the condition where neither one of the parents were diagnosed with the PD. This might suggest the effect of dormant genes or lack of adequate data for case of positive PD status of both parents. This estimation is in accordance with some research studies [4] [5].
Results
The chance of developing the PD in families with negative heredity and in four family types with positive heredity has been estimated using four different approaches, two Maximum Likelihood and two Bayesian. Table 4 presents all four estimations and their standard deviation. It is extremely important knowing such probabilities as the individual can take precautionary measures with respect to different therapies and physical exercises to defy the odds and preserving the quality of life for individuals with higher risk. The information for grandparents and their families date respectively to two and one generation back thus might not be as reliable as it should be. There were registered cases having 18 and 21 aunts/uncles which might be due to registration error or might represent extreme cases that could affect the analysis to some degree. For this reason, the first and second-generation information of 47 cases that had more than 11 aunts/uncles has been excluded from the present study. It is more reasonable to use former less reliable information as prior knowledge and let the more recent and authentic information shape it to more reliable estimations. Thus, we opt to report the Bayesian estimations with discrete prior as the most reliable. The chance of developing the PD in a family whose mother is diagnosed with the disease is estimated to be 0.26487 in comparison to 0.31477 when father had the Parkinson's; suggesting that the chance of passing the Parkinson's from father to children is slightly higher than passing it from mother to children [6] .
Finally, there is 44% chance of developing the Parkinson's in a family whose both parents have the disease.
Conclusion and Discussion
Although a primary cause for Parkinson's disease is yet to be identified [7] , several risk factors are known to be contributing to the disease. Among them are age [8] 
